Tobacco (Nicotiana tabacum cv Havana 425) plants containing the indole-3-acetic acid biosynthesizing genes (I and 2) from the T-DNA of Agrobacterium tumefaciens strain T37-ADH2 (mutated at the cytokinin biosynthesis gene 4) were used to study the physiological basis of the suppression and reinitiation of the auxin autonomous phenotype. The plants, though normal in appearance and cross-fertile with nontransformed, wild type tobacco, are shown to contain multiple copies of genes I and 2. Plants carrying these genes respond to inoculation by Agrobacterium strains mutated at genes 1 and 2 in a virulent fashion. Despite the presence and potential in planta activity of these genes, pith explants from such plants require auxin or tryptophan for growth in vitro, as does wild type tobacco. In both cases the indole-3-acetic acid levels increase rapidly in pith explants cultured on tryptophan-containing medium. However, only the tissues containing genes I and 2 grow subsequently on auxin-free medium and accumulate indole-3-acetic acid to levels that support growth. The capacity of such tissues to utilize naphthalene acetamide as an auxin suggests that gene 2 is rapidly activated during the reinitiation process.
Virulent strains of the soil bacterium Agrobacterium tumefaciens induce crown gall tumors on many species of dicotyledonous plants. Tumorigenesis results from the transfer of a portion of the DNA (the T-DNA) from the Ti plasmid of the bacterium to the host cell where it is incorporated into chromosomal DNA (13, 14, 35, 38, 39) . T-DNA expression imparts to the plant cells the capacity to synthesize novel metabolites, called opines, and also brings about the initiation and maintenance ofthe tumorous state.
A principle feature -of transformed tissue is the capacity to synthesize and utilize the plant hormones auxin and cytokinin in an abnormally regulated fashion. Unlike most nontransformed plant cells, tumorous cells are capable of continuous proliferation in tissue culture in the absence of added hormones.
Analysis ofthe T-DNA from a variety ofstrains ofAgrobacterium demonstrated that a 9 kilobase region of highly conserved sequences is required for tumorous growth ( 14, 16) . Of the six (at least) transcripts (6, 36, 37) identified from this region, three have been associated with hormone synthesis. Bacterial strains 'Supported by grants PCM 81-04064, PCM 83-5243, and PCM 84-02301 from the National Science Foundation, and National Institutes of Health predoctoral Training Grant HD0706707A2 carrying mutations in genes 1 or 2 induce shoot-forming tumors in tobacco while mutations mapping to gene 4 induce rootforming tumors (17, 22, 27) . (The gene number designation of Willmitzer et al., [36, 37] is used in this paper.) Since a high auxin to cytokinin ratio inhibits shoot formation in tobacco tissue culture, and high cytokinin to auxin ration inhibits root formation, it has been proposed that genes 1 and 2 are involved in auxin synthesis while gene 4 affects cytokinin synthesis (27) . Several lines of evidence support this hypothesis. Binns et al. (7) found that tobacco cells transformed by bacterial strains carrying pTiA66, containing a mutation in gene 2 of pTiA6, were auxin dependent in culture unless shoots (a source of auxin) formed. It was also shown (8) that tobacco cells transformed by strains with pTiT37 having a mutation at gene 4 were cytokinin dependent. Measurement of hormone levels in primary tumors showed that shoot-forming tumors (mutations at genes 1 or 2) had lower levels of IAA and higher cytokinin levels than wild type tumors while root-forming tumors (mutation at gene 4) had slightly lower IAA levels and much lower cytokinin levels than wild type tumors (1) . Biochemical analysis of the gene products has demonstrated that gene 2 codes for an amidohydrolase which converts indole-3-acetamide to IAA (19, 30, 33) . The gene 1 product can convert tryptophan to indole-3-acetamide, suggesting a tryptophan monoxygenase activity (MF Thomashaw, personal communication). Finally, gene 4 codes for an isopentyl transferase capable of synthesizing the cytokinin, isopentenyl adenosine (4) .
While the biochemical activities of the T-DNA have received considerable attention, the factors controlling the expression of the conserved region genes are not obvious. In some instances, methylation of the T-DNA genes has been implicated in the control of genes 1, 2, and 4 (2, 34) . In these cases, inactive genes were activated only by treatment of cells or tissues with 5-azacytidine. In contrast, cloned lines of tobacco transformed by wild type nopaline plasmid TiT37 routinely form shoots which, when grafted, will develop into normal appearing shoots (10) . Pith cells from these grafted shoots still contain T-DNA but require auxin for growth when explanted into culture. A consistent feature of these cells is their capacity to rapidly reinitiate the tumorous state: after growth in the presence of auxin they are capable of growing in subsequent transfers on hormone-free medium (10) . Thus, the pith tissue is composed of a uniform population of hormone requiring cells, containing the T-DNA, that can be rapidly and specifically induced to become hormoneindependent. This provides a unique opportunity to examine the physiological basis for the initiation of auxin-autonomy and the possible regulation of T-DNA genes controlling auxin biosynthesis. One drawback of this system is the inability to regenerate whole plants or to obtain progeny containing intact T-DNA. In addition, the grafting process is an inefficient method for generating sufficient experimental material. However, cloned lines transformed by genetically engineered T37 strains ofAgrobacterium carrying insertions at gene 4 have more potential for these studies (5) . Cells transformed by this strain regenerated intact, normal tobacco plants that contained the entire T-DNA. Self pollination of these regenerated plants produced seedlings that also contained the T-DNA. Pith and cortex tissue from the regenerated plants showed suppression of the auxin-autonomous state and reinitiation of this phenotype as a result of exposure to auxin in a manner similar to that described above for the grafted T37 shoots (8) .
In the research described here, we examined the physiological basis of auxin autonomy in pith tissue from progeny of regenerated tobacco plants carrying T-DNA of strain T37ADH2 (5) . These experiments demonstrated that (a) the plants contain multiple copies of genes 1 Figure 4A shows the 22 enlarged due to insert, HPLC trace for an IAA standard while Figure 4B shows a typical k, while the gene 2 probe pattern for a tissue extract. The purification procedure resulted )nly. These results demon-in well resolved IAA peaks. Confirmation that the peaks conof genes 1 and 2 is intact. tained IAA was obtained by several means: (a) The solvent system )hysical presence of genes 1 was changed and the retention time of the samples was the same Ld to be tested. This was as the standard. (b) A lower electrochemical cell potential was H425 or HADH2-5 plants used which resulted in a reduction of the sample peak area d 2 (19, 29 Table IV . No auxin autonomous growth was observed in H425 explants. Growth was evident after 10 d on medium containing IAA or tryptophan, but when pieces were transferred to auxin-free medium they turned brown after 4 weeks. The HADH2-5 tissues, on the other hand, continued to grow profusely through the two transfers on auxin-free medium and contained IAA in quantities sufficient to promote growth. We have found that as little as 3 d on IAA-containing medium is sufficient to induce the auxin autonomous phenotype. The variation in growth of the tissues indicated by the large standard error in Table IV was consistently observed. It results from extremely profuse growth in some of the tissues. Out of 17 HADH2-5 plants tested, reinitiation clearly occurred in 15 of them (i.e. at least 85% of pieces showed growth after the second transfer on auxin-free medium). These results show that auxin autonomy is reinitiated in HADH2-5 pith following brief exposure to auxin or an auxin precursor.
To test the hypothesis that gene 2 is activated during the reinitiation process, pith tissues were exposed to inductive conditions for 5 d and then assayed for auxin autonomy and naphthalene acetamide utilization (Table V) indicates that the weak activities of genes 1 and 2 (6, 37) and/or their suppressible nature are retained in the presence ofthe other genes in the octopine type T-DNA. The facts that pith explants of both H425 (nontransformed) and HADH2-5 plants contain similar, low IAA levels and require exogenous auxin for growth show that, in the HADH2-5 tissues, the activities of genes 1 and 2 are suppressed. As a means of investigating the capacity of these tissues to reinitiate the auxin autonomous phenotype and accumulate IAA, they were grown on medium containing tryptophan, a well established IAA precursor in a wide variety of plants and NAM a substrate that is converted to NAA by the gene 2 product (19) . Tryptophan promoted growth in pith explants from both lines. These results suggest that H425 and HADH2-5 pith cells have the capacity to (12) . In the HADH2-5 tissue it is probable that initial exposure to tryptophan would result in IAA synthesis by means of the plant pathway as in H425. IAA resulting from this synthesis could then bring about cell division and the reinitiation of auxin autonomy, hypothesized to be due to the activation of genes 1 and 2 in the T-DNA. The molecular basis of the suppression and reinitiation of auxin autonomy remains to be elucidated. In certain other crown gall lines methylation of the T-DNA has been correlated with the loss of gene activity (2, 18, 34) . In one case involving suppression of the auxin autonomy genes of pTiB6 (2), 5-azacytidine treatment was necessary in order to reacquire the auxin autonomous phenotype. In addition, inoculation of the regenerated plants in this case with the A208 strain of Agrobacterium (carrying pTiT37) did not result in the activation of the pTiB6 T-DNA genes and 1 and 2 as judged by the teratomatous morphology of the resultant tumors (R. M. Amasino, personal communication). In contrast, genes 1 and 2 of the HADH2-5 plants can be rapidly activated, either by transformation (e.g. by strain A3088) or in vitro by brief exposure to exogenous tryptophan or auxin in the absence of 5-azacytidine. If methylation is influencing gene expression in this case it is qualitatively different than the previously examined materials (2, 18, 34 
